Spatial patterns of land cover changes in the Omo-Shasha-Oluwa Forest Reserves were conducted on Landsat TM and ETM+ imageries of 1986 and 2002 using remote sensing and GIS techniques. Extent of tree plantation (Gmelina arborea) grew from about 145 sq. km in 1986 to about 322 sq. km in 2002 (122% increase). The natural forest declined from about 2569 sq. km in 1986 to about 2253 sq. km by 2002, while the non-forest areas increased by some 5% from 341 km 2 in 1986 to about 490 km 2 by 2002. Land cover pattern and its changes in the study area are linked to both natural and anthropogenic processes such as illegal logging, demand for soft wood for industries and expansion of settlements. The conversion of natural forest into monoculture plantations should be discouraged because they do not give room for biodiversity. Specific forestry and environmental laws and regulations that significantly address landscape changes in reserved and protected areas should be enforced to reduce activities that negatively affect the forest reserves. There is also the need to develop a wider and more integrated GIS system of the forest and other land resources in the country to assist different kinds of planning and management activities.
Introduction
Land use and land cover changes all over the world are accelerating and causing widespread environmental problems and thus need to be mapped [1] [2] . Change in land cover is regarded as a single and most important variable of global change affecting ecological systems [3] [4] with an impact on the environment that is at least associated with climatic change [5] . Land cover change is a common phenomenon in all parts of the world. Such changes may be rapid (e.g. clearing of forest for agriculture) or relatively slow (e.g. tree damage and death due to acid rain) [6] , and may affect both socio-economic and ecological conditions [7] . According to Phat et al. [8] , the 21st century has brought new challenges for forest management and forest ecosystems. This potentially constitutes an extremely important tool for dealing with climate change, in addition to the ameliorative actions of people [9] . The spatial dimensions of land use and land cover need to be known at all times to enable policymakers and scientists to be sufficiently equipped to take informed decisions on land resources. Therefore, a wide range of scientists and practitioners, including earth systems scientists, land and water managers as well as urban planners seek information on the location, distribution, type and magnitude of land use and land cover change [10] [11] . In the tropical rain forests of south western, Nigeria has come under intense pressure due to rapid growth in population and economy of the country. Forest reserves established in the beginning of the 1920s such as the Omo-Shasha-Oluwa reserves were not spared from uncontrollable removal of the forest products causing rapid changes in the land cover pattern in these areas. The natural vegetation of the reserves has been destroyed and converted at a rapid rate from excessive logging, conversion to forest plantations (Gmelina arborea) and farming. Excessive uncontrolled hunting for the commercial bush meat trade [12] was also decimating their wildlife populations. Despite the immense advantages of forests, agencies and organizations have reported great forest losses due to unfavourable forestry practices all over the world [13] .
Mapping of land use/cover and its change provides in-valuable information for managing land resources and for projecting future trends of land productivity [14] . Land use and land cover change-detection and mapping are an important requirement for a range of environmental applications, including land use planning, landscape monitoring, natural resources management and habitat assessment [15] - [17] . These changes have impacts on the ecological stability of the forest regions and, thus identifying and investigating the status of a resource such as the forest cover which is a crucial part in resource management and monitoring at local or global perspectives [18] . Remote sensing (RS) and geographic information systems (GIS) have proved to be some of the most accurate means of measuring the extent and pattern of changes in land cover patterns over time [19] - [21] . The techniques also provide viable source of data from which updated land cover information can be extracted efficiently and cheaply in order to monitor the changes in the land cover [22] - [24] . The aim of the study is to apply GIS and remote sensing techniques to detect the spatial pattern of changes in forest land cover during the years 1986 to 2002 at Omo-Shasha-Oluwa Forest Reserve Area in South Western part of Nigeria. The specific objectives are: 1) to identify the changes that have occurred within the period covered by the images, 2) to determine the amount and rate of changes within the period of study, and 3) to highlight the possible causes of these changes and suggest possible solution to arrest the trend.
Material and Methods

Study Area
Omo-Shasha-Oluwa Forest Reserve, is situated in the south western part of Nigeria, is located on Latitude 4o to 4˚57'N and Longitude 6˚30' to 7˚21'E (Figure 1) . The area covers about 3066 km 2 and comprises the cluster of contiguous forest reserves that lie on the boundaries of eastern Ogun, western Ondo and southern Osun States. These are the Omo, Oluwa, Shasha, Ife and Ago-Owu Forest Reserves. They are collectively referred to as the Omo-Oluwa-Shasha forest complex, from the names of the three largest reserves: Omo (1325 km . The area has a mean annual rainfall of about 2050 mm and mean monthly temperature of about 27˚C. The natural vegetation, which was previously lowland tropical rainforest (moist evergreen type), have been reduced to secondary forest, thickets and varying degree of fallow regrowth or annual and perennial crops, except in some parts of the forest reserves.
With the exception of the 640 hectare Strict Nature Reserve, now a Biosphere Reserve at the centre of the Omo forest reserve, most of the forest in the study area are disturbed with a substantial parts converted to tree plantations (Gmelina arborea). The plant families with the most abundant individuals include Araceae, Compo- sitae, Ebenaceae, Lilliaceae, Papilionoideae, Poaceae, Rubiaceae and Violaceae. The most common tree species include Diospyros spp., Nauclea diderrichii, Drypetes spp., Strombosia pustulata, Rinorea dentata and Voacanga Africana [25] .
Acquisition of Images
In this study, a Landsat TM image of 17 th December 1986 and a Landsat ETM+ image of 3 rd January 2002 were downloaded from the USGS Global Land Cover Facility (ftp.glcf.umd.edu/data/lands). The two images were taken from the same season in order to avoid the influence of seasonal changes in the forest. The images also represents some of the few periods when the area is cloud free. The images were already georeferenced and orthorectified with the UTM Zone 31N Coordinate on the WGS 84 reference system.
Image Masking
The images covered area larger than the area of interest, so there is the need to make a subset of the images to show only the area of interest (i.e. the Omo-Shasha-Oluwa Forest Reserve). For this purpose, the shapefile of the area of interest was digitized on a thematic map of the area which had earlier being georeferenced to the same coordinate with the satellite images. The shapefile was then use to make a mask that was used to extract the area of interest boundary from the images in the data preparation (mosaicking) tool using the software. The extracted area of interest and the original images have the same geographical projection, which makes the overlaying op-erations in ArcMap easy.
Classification
The supervised classification method using the maximum-likelihood classifier (MLC) was used to classify the images into the various land cover categories. Maximum-likelihood classifier assumes that the each class in each band can be described by a normal distribution [26] [27] . Digital image-processing software ERDAS Imagine (v. 9.3) [28] was used to process, analyse and integrate the spatial data and geographic information to achieve the objectives of the research. Visualization and change-detection maps were done using ArcGIS 9.3.1 software. The images were each classified separately into forest and non-forest. The forest areas were further classified as natural (closed) forest and plantation, while the non-forest areas. Ancillary data such as Google Earth image, topographic map, plantation map, soil map and others were was used for visual interpretation of the land cover classes. Figure 2 shows the flowchart of the steps and procedure in the study.
Accuracy Assessment
The promotion of classification accuracy has been always the focus of the research on abstracting the information on vegetation coverage types with the method of remote sensing classification [29] . The accuracy of the resulting thematic map was quantified using ground referenced data [30] . The three land cover types (natural or closed forest, tree plantation, and non-forest) were further validated based on the in-situ assessment of the site carried out during the fieldwork and ground truthing exercise using GPS. The overall classification accuracy, producer's accuracy, and the user's accuracy were then estimated [31] [32] . Three forest land cover categories were identified and classified in the study. Overall accuracy for the 1986 and 2002 imageries were 93% and 89% respectively, with Kappa of 70% and 65%. 
Cross Matrix and Change Map
The classified images of 1986 and 2002 were crossed and a matrix obtained using the ERDAS software to identify what has changed between the two years. The amount of changes that have occurred and the direction of changes were calculated and the final land cover change map produced in the GIS environment.
Results
Classification and Land Cover Change
The study revealed that natural forest which covers about 2569 sq. km in 1986; have being reduced considerably 2253 sq. km by 2002. This shows a decrease in forest cover by about 10% of total land cover (Figure 3) . The spatial extent of the plantation from about 144 sq. km in 1986 to around 322 sq. km in 2002, is a 6% increase. The area covered by non-forest (mostly bare and logged area) also increased by some 5% from 341 km 2 No change in land cover was observed in some parts of the study are within the study period. For example, 2059 sq. km of the land cover remained forest (i.e. about 73.8% of the original land cover in 1986. In addition, 176 and 60 sq. km of the area remained plantation and non-forest respectively between 1986 and 2002 ( Table 1 and Figure 6 ) Changes were observed in other areas where about 303 and 207 sq. km of the area covered by natural forest changed to non-forest and plantation respectively. Furthermore, 121 and 55 sq. km of the previously non-forest area changed to forest and plantation respectively. Other changes that occurred in the area between 1986 and 2002 were also shown in Table 1 . About 12 sq. km of the plantation area in 1986 changed to non-forest in 2002, while some 73 sq. km of the plantation areas changed to forest. During this period, the natural forest declined by 316 sq. km or 12% (of the total forest cover) which was a change in the negative direction, while the plantation increased by more than twice its actual size in 1986 by 122%. Table 2 reveals the direction of the changes (positive or negative).
Discussions and Interpretation
Most land cover changes from 1986 to 2002 involve the conversion of the natural forest into monoculture tree plantation mainly of Gmelina arborea, which was introduced since the 1920s. The natural forest declined from about 2569 sq. km in 1986 about 2253 sq. km by 2002. Much of the changes took place in the Oluwa and Omo sections of the study area. One important qualitative change is the conversion of natural forest-to-forest plantations; however, these changes may have implications for biological diversity as well as the future productivity and use of the forest [33] . Previous studies in the Oluwa and Omo forest reserves areas revealed large-scale conversion of the original natural forest to monoculture plantations of fast-growing exotic tree species Gmelina arborea in a programme assisted by loans from the World Bank and the African Development Bank [34] . The plantation increased by 122% between 1986 and 2002. It was estimated that as of 1996, about 184 sq. km (89% of total plantations) and 245 sq. km (91% of total plantations) of Gmelina have been established in Oluwa and Omo, respectively [35] . From the result of this study it can be seen that the Gmelina arborea plantation ex- •year −1 [36] . It can be seen that there were conscious efforts to extent the plantation area for the planting of exotic, fast growing trees species like Gmelina arborea [35] . A large part of the reserve, which was a good repository of plant and animal species, was dereserved for the establishment of monoculture plantations. Among the factors responsible for the increasing trend of global forest plantation estate, their ability to produce high amount of biomass within a relatively short period of time and their fast growth rate are the most notable. Forest plantations such as Gmelina possesses the capacity of producing between 3 and 10 times greater commercial biomass (timber) per ha than natural forests [37] . Over the years, Gmelina has emerged as the dominant plantation species in Oluwa and Omo forest reserves [38] . However, about 73 sq. km of the plantation areas in 1986 changed to forest in 2002 probably because of secondary regrowth of the forest species after removal of plantation trees. The area covered by non-forest (mostly bare and logged area) also increased by some 5% from 341 km 2 in 1986 to about 490 km 2 by 2002 as a result of cutting down of the natural forest and even the plantation trees. Although the analysis of land cover suggests that more than half of Ago-Owu part of the reserve is still forested, it was found out that this forest is highly fragmented [12] . There was a progressive reduction in the forest cover in recent years in the Omo-Shasha-Oluwa Forest Reserve. In a similar study carried out in the study area in 2008, Oates et al. [12] estimated total area of remaining natural forest in the reserves to be 1125 km 2 (about 112,500 hectares) which is just about 40% of the reserve area. Although there was a general increase in the size of the plantation, some parts of the plantation have been degraded due to cutting of the Gmelina arborea trees for industrial wood products because about 12 sq. km of the plantation changed to non-forest between 1986 and 2002. Land cover conversions have potential consequences such as changes in the soil conditions, and the geomorphology of the area, increase runoff and sedimentation of the river system [39] [40] . Logging cause the degradation of the area in which road tracks constructed to transport the logged wood expose the land and lead to accelerated soil erosion. A recent occurrence in the area is the illegal conversion of some plots in the reserve into cocoa plantation and production of food crops like cassava, which has far-reaching implication on the forest conservation policy.
Conclusions
Using the Landsat images of 1986 and 2002, the analysis revealed that land cover in the Omo-Shasha-Oluwa Forest Reserve has changed over the years. Three categories of land cover in the area are natural forest, plantation (Gmelina arborea) and non-forest. These land cover categories were identified and mapped for the period captured by the images. The results showed that the forest decreased by about 12%, while Gmelina arborea plantation expanded from about 145 sq. km in 1986 to 322 sq. km in 2002 (i.e. 122% increase). Conversion of the natural forest to plantation was a result of the slow regeneration habit of natural forest, fear of its total disappearance and the determination of the forestry subsector to meet the increasing demand for wood. More areas were left bare after the removal of the timber thus exposing them to agents of climate. The results of this study profile and highlight the land cover change dynamics in the Omo-Shasha-Oluwa Forest Reserve, Nigeria. It shows the need to promote the protection of existing natural environments as much as possible and ensure sustainable use of resources. Based on the trend of land cover changes detected in this study, there is the need to discourage the conversion of natural forest into plantations of fast growing exotic species such as Gmelina arborea because monoculture plantation cannot mimic the natural forest and do not give room for biodiversity which is important to natural resource management.
Forest policy makers should therefore, intensify the management of tropical natural forest by controlling the intensity of tree harvesting, improving logging practice and stopping illegal felling and thus reducing the damage to rainforest structure and biodiversity. Renewed efforts at managing the remaining tropical rainforests in the area should be encouraged by having important and up-to-date land use/land cover information for management and planning of land resources. Specific forestry and environmental laws and regulations that significantly address landscape changes in reserved and protected areas should be enforced to reduce activities that negatively affect the forest reserves. Developing a wider and more integrated GIS system of the forest and other land resources in the country is crucial for the planners, governmental authorities and other decision makers for different kinds of planning and management activities. Remote Sensing and GIS are versatile techniques that can be applied as effective measure to generate data and information for sustainable development. This is more so in the face of rapid resource depletion such as the forests. Therefore, we need to prudently manage these delicate resources with proper planning and sustainable forest resource management. Efforts should be made to develop capacity of building in the application of RS and GIS tools and methods for forest inventory and mapping and monitor changes of forest land occupation overtime.
